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(54) METHOD FOR DETERMINING POSITION DATA FOR AN APPARATUS FOR ADDITIVELY 
MANUFACTURING THREE-DIMENSIONAL OBJECTS

(57) Method for determining position data for an ap-
paratus (1) for additively manufacturing three-dimension-
al objects (2) by means of successive layerwise selective
consolidation of layers (17 - 19, 21 - 23) of a build material
(3) arranged in a build plane (4) essentially extending in
x- and y-direction, which build material (3) can be con-
solidated by means of an energy source, wherein the
build material (3) is carried by a carrying element (9) of
a carrying unit (8), wherein the carrying element (9) is
essentially movable in z-direction, wherein the z-direc-
tion is essentially perpendicular to the x- and y-direction,
wherein position data relating to an x- and/or y-position
of the carrying element (9) are determined for at least
one z-position.
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Description

[0001] The invention relates to a method for determin-
ing position data for an apparatus for additively manu-
facturing three-dimensional objects by means of succes-
sive layerwise selective consolidation of layers of a build
material arranged in the build plane essentially extending
in x- and y-direction, which build material can be consol-
idated by means of an energy source, wherein the build
material is carried by a carrying element of a carrying
unit, wherein the carrying element is essentially movable
in z-direction, wherein the z-direction is essentially per-
pendicular to the x- and y-direction.
[0002] Additive manufacturing apparatuses in which
an energy source, such as an energy beam, e.g. an elec-
tron beam or a laser beam, is used to selectively layer-
wise irradiate and consolidate layers of build material are
generally known from prior art. Typically, a movable car-
rying element is used to carry a volume of build material
that can be selectively irradiated, e.g. a so-called "powder
bed". The upper surface of the build material that is car-
ried via the carrying element forms a so-called "build
plane" in which build material can selectively and directly
be irradiated via the energy source, such as the men-
tioned energy beams. To ensure that the respective en-
ergy beam is properly focused on the build plane, the z-
position of the carrying element, i.e. the position of the
carrying element along the z-direction, can usually be
monitored.
[0003] It is an object of the present invention to provide
an improved method for determining position data for an
apparatus for additively manufacturing three-dimension-
al objects, in particular a method for determining position
data, wherein the determination of the position of the build
material, particularly the most upper layer which is to be
selectively irradiated and consolidated, carried by a car-
rying element is improved.
[0004] The object is inventively achieved by a method
according to claim 1. Advantageous embodiments of the
invention are subject to the dependent claims.
[0005] The method described herein is a method for
determining position data for an apparatus for additively
manufacturing three-dimensional objects, e.g. technical
components, by means of successive selective layerwise
consolidation of layers of a powdered build material
("build material") which can be consolidated by means
of an energy source, e.g. an energy beam, in particular
a laser beam or an electron beam. A respective build
material can be a metal, ceramic or polymer powder. A
respective energy beam can be a laser beam or an elec-
tron beam. A respective apparatus can be a selective
laser sintering apparatus, a selective laser melting ap-
paratus or a selective electron beam melting apparatus,
for instance. Alternatively, the successive layerwise se-
lective consolidation of build material may be performed
via at least one binding material. The binding material
may be applied with a corresponding application unit and,
for example, irradiated with a suitable energy source, e.g.

a UV light source.
[0006] The apparatus may comprise a number of func-
tional units which are used during its operation. Exem-
plary functional units are a process chamber, an irradia-
tion device which is adapted to selectively irradiate a build
material layer disposed in the process chamber with at
least one energy beam, and a stream generating device
which is adapted to generate a gaseous fluid stream at
least partly streaming through the process chamber with
given streaming properties, e.g. a given streaming pro-
file, streaming velocity, etc. The gaseous fluid stream is
capable of being charged with non-consolidated partic-
ulate build material, particularly smoke or smoke resi-
dues generated during operation of the apparatus, while
streaming through the process chamber. The gaseous
fluid stream is typically inert, i.e. typically a stream of an
inert gas, e.g. argon, nitrogen, carbon dioxide, etc.
[0007] According to the inventive method one can de-
termine position data of the carrying element that may
be provided for an additive manufacturing process per-
formed by an apparatus for additively manufacturing
three-dimensional objects, as described before. The in-
vention is based on the idea that position data relating
to an x- and/or y-position of the carrying element are de-
termined for at least one z-position. Thus, it is possible
to perform a determination of the position of the carrying
element in x- and/or y-position, i.e. additional to the de-
termination of a z-position of the carrying element. This
particularly allows for relating the x- and/or y-position of
the carrying element with the corresponding z-position.
In other words, the position of the carrying element in an
x- and y-plane can be determined for a given z-position.
[0008] The x- and/or y-position of the carrying element
may relate to a reference point on the carrying element,
for example the center of the carrying element or any
other arbitrary reference point, for example an edge or
the position of a measurement structure assigned to the
carrying element. A respective measurement structure
can, for example, be built as measurement pattern that
can be (optically or tactilely) determined and can be ar-
ranged on the bottom side of the carrying element. The
carrying element may be built as build plate or dose plate,
i.e. a circular or rectangular plate, preferably a metal
plate, that is adapted to carry the build material. The car-
rying element may have a rectangular, particularly a
square, base shape, for instance.
[0009] Thus, the position data can be determined via
the inventive method, wherein the determined position
data can be provided to an apparatus for additively man-
ufacturing of three-dimensional objects, in which the re-
spective carrying unit is used. Hence, the generated or
determined position data can be used in an additive man-
ufacturing process allowing for considering the at least
one x- and/or y-position of the carrying element for the
corresponding z-position. Advantageously, occurring de-
viations of the carrying element, e.g. from a nominal x-
and/or y-position, can be taken into calculation and can
be compensated accordingly, as will be described below.
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[0010] The term "carrying element" in the scope of this
application may in particular refer to any component of
the apparatus contributing to the x- and/or y-deviation of
the build plane and/or contributing to the carrying and/or
positioning of the object being additively built and sur-
rounded by non-consolidated build material, i.e. carrying
and/or positioning the powder bed. Respective compo-
nents may be a build plate, a spindle or shaft carrying/po-
sitioning the build plate or other components that allow
for a conclusion on the z-position of the element carrying
the powder bed, for instance.
[0011] The position data may be determined for at least
two z-positions, in particular for a plurality of z-positions,
preferably distributed along the movement range, in par-
ticular an entire movement range, of the carrying element
in z-direction. According to this embodiment of the inven-
tive method, the position of the carrying element in the
x- and y-plane may be determined for at least two z-
positions. In other words, the x-position and/or the y-po-
sition of the carrying element may not only be determined
with the carrying element in one z-position, but the x-
and/or y-position of the carrying element may be deter-
mined for at least two z-positions.
[0012] Again, by referencing or relating the x- and/or
y-position of the carrying element to the corresponding
z-position of the carrying element, the position data indi-
cate the position of the carrying element in the x- and y-
plane with the carrying element position in a specific z-
position. Thus, possibly occurring deviations from a nom-
inal x- and/or y-positions of the carrying element can be
taken into calculation. Preferably, the position data may
be determined for multiple z-positions that are distributed
along a movement range of the carrying element. The
movement range may therefore, contain multiple z-posi-
tions in which the carrying element can be positioned
during a corresponding additive manufacturing process.
The corresponding z-positions can, for example, relate
to corresponding positions of the carrying element in
which the carrying element is positioned during an addi-
tive manufacturing process to provide fresh build material
or to receive build material, dependent on whether the
carrying element is used in a dose unit or in a build unit.
Preferably, it is possible to determine position data of the
carrying element for each z-position.
[0013] Thus, it is possible to generate a direct relation
between the x- and/or y-position of the carrying element
and a corresponding z-position. The position data there-
fore, provide information on how the carrying element is
positioned in a defined z-position, e.g. relative to a nom-
inal position. Hence, the determined x-and/or y-position
can be used to improve the positioning accuracy of the
carrying element in an additive manufacturing process,
as will be described below.
[0014] Further, calibration data may be generated re-
lating to a deviation of the carrying element from a nom-
inal position in x- and/or y-direction for at least one z-
position. Thus, the position data that have been deter-
mined and relate to the x- and/or y-position of the carrying

element, for example relative to a nominal position or at
least one other component of the additive manufacturing
apparatus or the build module or the dose module in
which the carrying element is arranged, can be used to
generate calibration data. The calibration data relate to
whether the carrying element deviates from a nominal
position in the x- and/or y-plane. Based on the position
data, a deviation of the carrying element from a nominal
position can be identified and calibration data can be gen-
erated that allow for a calibration of the carrying element
or at least one other component of the apparatus, for
example an irradiation device that is used to irradiate the
build material carried by the carrying element.
[0015] Thus, an irradiation device, in particular the po-
sition of an irradiation pattern for the (generated by the
irradiation device on the) corresponding layer of build
material relative to the carrying element, may be control-
led dependent on the calibration data and/or the position
data. According to this embodiment of the inventive meth-
od, an irradiation device can be controlled dependent on
the calibration data and/or dependent on the position da-
ta. As described before, the irradiation device is provided
for selectively irradiating build material that is carried by
the carrying element, i.e. a layer of build material ar-
ranged in the build plane. Thus, for each layer of build
material that is selectively irradiated, the irradiation de-
vice generates an irradiation pattern that corresponds to
the area of build material that has to be irradiated in the
build plane to form the corresponding part of the three-
dimensional object. The (relative) position of the irradia-
tion pattern on the build plane depends on the x- and/or
y-position of the carrying element for the corresponding
z-position, since a deviation of an x-and/or y-position of
the carrying element from a nominal x- and/or y-position
leads to a deviation in the position of the irradiation pat-
tern.
[0016] By controlling the irradiation device dependent
on the calibration data and/or the position data, devia-
tions in the x- and/or y-position can be compensated. As
the x- and/or y-position can be determined for multiple
z-positions, in particular all z-positions, the carrying ele-
ment can be positioned, e.g. during the additive manu-
facturing process, the irradiation device can be controlled
accordingly, in particular for every z-position in which the
irradiation device is used to generate the corresponding
irradiation pattern, which typically comprises a number
of irradiation vectors, and selectively irradiates the build
material arranged in the build plane.
[0017] According to another embodiment of the inven-
tive method, the position data and/or the calibration data
may be stored for the corresponding z-position, in par-
ticular for the corresponding carrying element. For ex-
ample, in additive manufacturing apparatuses in which
multiple powder modules, such as dose modules and
build modules, may be used, it is advantageous to store
the position data and/or the calibration data for the indi-
vidual carrying elements. In particular, the position data
and/or the calibration data may be stored for multiple z-
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positions, preferably all z-positions that are used in the
additive manufacturing process or in which the carrying
element may be positioned in the additive manufacturing
process. The position data and/or the calibration data
may be stored in a suitable data storage device, such as
a database, hard-drive, for instance. A respective data
storage device may be embodied as a network data stor-
age device, i.e. installed in a local or global data network.
[0018] Thus, it is possible to use the corresponding
position data and/or calibration data for the carrying el-
ement that is used to carry build material in the additive
manufacturing process. Thus, the position data and/or
the calibration data can be received from a corresponding
data storage device dependent on which powder module
is used, in particular which carrying element is used in
the additive manufacturing process. This further allows
for using the same powder module in different appara-
tuses, wherein the position data and/or the calibration
data can be accessed by various apparatuses to allow
for the corresponding position data and/or a calibration
data to be used in the additive manufacturing process
performed on the respective apparatus indicating the
specific deviations that occur when the corresponding
carrying element is positioned in the z-positions. Hence,
the corresponding position data and/or calibration data
may connect the carrying element and the z-positions to
the deviations of the carrying element in the x-y-plane,
e.g. from a nominal position.
[0019] The position data may be determined in ad-
vance to and/or during an additive manufacturing proc-
ess. Thus, it is possible to have the position data deter-
mined in advance to an additive manufacturing process,
wherein the position data may be determined for the car-
rying element used in the additive manufacturing process
before the additive manufacturing process is performed.
For example, for at least one z-position an x- and/or y-
position of the carrying element can be determined and,
for example, stored in a corresponding data storage de-
vice. It is also possible to determine the position data
during an additive manufacturing process alternatively
or additionally to the determination in advance. Thus, a
"live monitoring" of the position of the carrying element
is feasible. This embodiment particularly allows for di-
rectly determining the position data during the additive
manufacturing process, wherein the deviations from a
nominal position of the carrying element in the x- and/or
y-direction can be determined for each z-position in which
the carrying element is positioned in the additive manu-
facturing process. Advantageously, the deviations from
a nominal position of the carrying element can directly
be identified which further enhances the positioning ac-
curacy of the corresponding irradiation pattern on the
build material, since influences affecting the carrying el-
ement between a determination of the proposition data
that has been performed in advance and the positioning
of the carrying element in the actual additive manufac-
turing process can be reduced or even entirely avoided.
[0020] Preferably, the x- and/or y-position of the car-

rying element may be determined by an optical and/or a
mechanical determination. The mechanical determina-
tion may provide a tactile sensing of the carrying element
relative to a reference point. The optical determination
may be performed in that a measurement pattern can be
arranged, for example on a bottom side of the carrying
element, wherein an optical determination element may
be used to determine the position of the measurement
pattern relative to a nominal position. A corresponding
optical determination unit may therefore, comprise an op-
tical determination element, comprising an optical sen-
sor, such as a camera (CMOS, CCD, etc.). Hence, if the
carrying element deviates in x- and/or y-direction in the
corresponding z-position, the corresponding measure-
ment pattern will also deviate from its nominal position.
Thus, position data and/or a calibration data can be gen-
erated and used in the additive manufacturing process
to compensate the deviation.
[0021] The position data may relate to a determined,
in particular measured, x- and/or y-position and/or an ab-
solute x- and/or y-position of the carrying element and/or
a deviation thereof for at least one z-position. Thus, po-
sition data may relate to an x- and/or y-position of the
carrying element that has been determined, in particular
measured, or an absolute position or a deviation thereof.
Hence, it is possible that the position data comprise in-
formation relating to the actual position of the carrying
element or the position data indicate the deviation of the
carrying element from a nominal position.
[0022] The position data may further relate to a distor-
tion and/or an angular deviation of the carrying element,
e.g. about the main axis of the carrying element, essen-
tially arranged in z-direction. The carrying element may
also be distorted or may angularly deviate from a nominal
position, in particular about the main axis of the carrying
element. According to this embodiment of the invention,
the position data may also relate to a corresponding dis-
tortion and/or an angular deviation, which can for exam-
ple be detected optically or mechanically.
[0023] According to another preferred embodiment of
the inventive method, the following steps may be per-
formed:

- a calibration object is manufactured extending over
a defined part of the movement range, in particular
the entire movement range, of the carrying element,

- at least one geometrical parameter of the calibration
object is determined,

- the at least one determined geometrical parameter
is compared with at least one corresponding nominal
geometrical parameter,

- position data and/or calibration data are generated
based on the comparison result.

[0024] In a first step, a calibration object may be man-
ufactured that extends over a defined part of the move-
ment range, in particular the entire movement range, of
the carrying element, wherein preferably the calibration
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object extends at least over the part of the movement
range that is used in an additive manufacturing process
the position data are determined for. The calibration ob-
ject may be a simple geometrical object, e.g. a cylinder,
wherein the calibration object may arbitrarily extend or
be positioned relative to the carrying element. Advanta-
geously, the calibration object may be positioned and
dimensioned approximately the same way as an object
to be manufactured in the additive manufacturing proc-
ess the position data and/or the calibration data are gen-
erated or will be positioned and/or dimensioned.
[0025] Further, at least one geometrical parameter of
the calibration object may be determined. The geomet-
rical parameter may relate to the three-dimensional ge-
ometry of the calibration object, in particular the outer
surface or the shell surface of the calibration object. For
example, a 3D-scanner may be used to scan the calibra-
tion object and determine the at least one geometrical
parameter. It is particularly possible to determine how
the calibration object extends in x- and/or y-direction,
wherein preferably an edge of the calibration object can
be measured to provide information about the x- and/or
y-direction of the cross section of the calibration object.
[0026] Thus, in the next step, the at least one deter-
mined geometrical parameter may be compared with at
least one corresponding nominal geometrical parameter.
For example, the position of a cross section of the cali-
bration object in a layer of the calibration object can be
compared with a nominal position. Thus, it can be deter-
mined whether for the corresponding layer and connect-
ed therewith for the corresponding z-position, a deviation
between the determined geometrical parameter and the
nominal geometrical parameter occurs. Hence, position
data and/or calibration data may be generated based on
the comparison result.
[0027] In other words, the calibration object can be ad-
ditively manufactured, wherein afterwards the calibration
object can be measured to provide position data / cali-
bration data. By measuring the geometry of a layer of the
calibration object, a deviation in x- and/or y-direction can
be identified and related with the corresponding z-direc-
tion in which the carrying element was positioned during
the manufacturing process of the layer of the calibration
object. Thus, position data and/or calibration data can be
generated to compensate the deviations in the position-
ing of the carrying element for the corresponding z-posi-
tion. The generated data can afterwards be used in an
additive manufacturing process, wherein for each corre-
sponding z-position the deviations that occurred in the
manufacturing of the calibration object can be compen-
sated, for example by a corresponding control of the ir-
radiation device. Based on the position data and/or the
calibration data, the irradiation device may be adapted
to generate the corresponding irradiation pattern on the
nominal position relative to the carrying element.
[0028] The geometrical parameter may be or may com-
prise a position of at least one part of the calibration object
in x- and/or y-direction, in particular of a surface of the

calibration object, for the corresponding z-position (in
which the carrying element was positioned when the part
was manufactured). Generally, any arbitrary geometrical
parameter can be used that allows an identification of
the deviation of the position of the carrying element in
the x- and/or y-direction. The geometrical parameter may
therefore, relate to any arbitrary reference point of the
calibration object that may identify whether the carrying
element was positioned in the nominal position in x-
and/or y-direction or whether a deviation from the nom-
inal position occurred during the manufacturing of the
corresponding part (layer) of the calibration object.
[0029] The inventive method may be performed using
at least one build module for an apparatus for additively
manufacturing of three-dimensional objects, wherein, as
described before, preferably for each build module that
can be (or is intended to be) used with the corresponding
apparatus position data and/or a calibration data can be
generated. The corresponding position data and/or cal-
ibration data may be stored for multiple build modules,
wherein the irradiation device of the apparatus a build
module is used in, may be controlled dependent on the
corresponding position data and/or calibration data.
Thus, dependent on which build module is used in the
additive manufacturing process that is performed on the
additive manufacturing apparatus, the corresponding po-
sition data and/or calibration data that have been deter-
mined for the corresponding build module, can be used
to control the irradiation device. Hence, it can be assured
that the irradiation pattern that is generated via the irra-
diation device can be generated exactly in the nominal
position for each layer of build material carried via the
carrying element (for each z-position).
[0030] Besides, the invention relates to a method for
operating at least one apparatus for additively manufac-
turing three-dimensional objects by means of successive
layerwise selective consolidation of layers of a build ma-
terial arranged in a build plane essentially extending in
x- and y-direction, which build material can be consoli-
dated by means of an energy source, i.e. particularly an
energy beam, wherein the build material is carried by a
carrying element of a carrying unit, wherein the carrying
element is essentially movable in z-direction, wherein the
z-direction is essentially perpendicular to the x- and y-
direction, wherein position data relating to an x- and/or
y- position of the carrying element are determined for at
least one z-position.
[0031] Additionally, the invention relates to an appara-
tus for additively manufacturing three-dimensional ob-
jects by means of successive layerwise selective consol-
idation of layers of a build material arranged in a build
plane essentially extending in x- and y-direction, which
build material can be consolidated by means of an energy
source, wherein the build material is carried by a carrying
element of a carrying unit of the apparatus, wherein the
carrying element is essentially movable in z-direction,
wherein the z-direction is essentially perpendicular to the
x- and y-direction, wherein a calibration unit is provided
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that is adapted to determine position data relating to an
x- and/or y- position of the carrying element for at least
one z-position. The calibration unit of the inventive ap-
paratus may be separate to the apparatus, e.g. for de-
termining at least one parameter of the calibration object,
or integrated into the apparatus, in particular integrated
into the powder module of the apparatus.
[0032] Of course, all details, features and advantages
described with respect to the inventive method for deter-
mining position data for an apparatus for additively man-
ufacturing of three-dimensional objects may be trans-
ferred to the inventive method for operating an additive
manufacturing apparatus and to the inventive apparatus
for additively manufacturing of three-dimensional ob-
jects. In particular, the additive manufacturing apparatus
can be used to determine the position data, preferably
using the calibration unit assigned to the apparatus.
Based on the determined position data and/or the gen-
erated calibration data, an additive manufacturing proc-
ess can be performed on the additive manufacturing ap-
paratus using the inventive method for operating an ad-
ditive manufacturing apparatus. As described before,
various functional units may be used for performing the
inventive method, such as the calibration unit, the (posi-
tion) detection unit, a data storage and the like.
[0033] Exemplary embodiments of the invention are
described with reference to the Fig. The Fig. are sche-
matic diagrams, wherein

Fig. 1 shows an inventive apparatus; and

Fig. 2 shows a calibration unit for an inventive appa-
ratus.

[0034] Fig. 1 shows an apparatus 1 for additively man-
ufacturing of three-dimensional objects 2 by means of
successive layerwise selective consolidation of layers of
a build material 3 that is arranged in a build plane 4. The
build plane 4 essentially extends in x- direction (indicated
via arrow 5) and y-direction (essentially perpendicular to
the drawing plane). The build material 3 that is arranged
in the build plane 4 can be consolidated by means of an
energy source, for example a laser beam 6. The laser
beam 6 can be generated by an irradiation device 7 that
is adapted to generate the laser beam 6 and guide the
laser beam 6 over the build plane 4 to selectively irradiate
the build material 3. In other words, an irradiation pattern
can be generated via the irradiation device 7 that corre-
sponds to a layer of the object 2 to be manufactured, as
will be described below.
[0035] The apparatus 1 further comprises a carrying
unit 8, for example a build module, comprising a carrying
element 9, for example a build plate. As can be derived
from Fig. 1, the carrying element 9 carries non-consoli-
dated build material 3 and the object 2, wherein the object
2 is surrounded by the non-consolidated build material
3. Thus, the carrying element 9 carries a so-called "pow-
der bed". The carrying element 9 is movable relative to

a build chamber wall 10, as indicated via arrow 11. The
carrying element 9 is therefore, movable in z-direction
that essentially extends perpendicular to the build plane
4, and therefore, perpendicular to the x- direction and the
y-direction. Hence, if a new layer of build material 3 has
to be applied, the carrying element 9 can be lowered
(indicated via arrow 11) and fresh build material 3 can
be applied via an application unit 12, e.g a coater blade.
Of course, the application of build material 3 via the ap-
plication unit 12 is merely exemplary and any other arbi-
trary way of applying build material 3 is also feasible.
[0036] The apparatus 1 further comprises a calibration
unit 13 with a determination unit 14 assigned to the cal-
ibration unit 13. The determination unit 14 is adapted to
determine an x- and y-position of the carrying element
9, for example relative to the build chamber wall 10 or
relative to the irradiation device 7. Of course, any arbitrary
other reference point, such as a center of the build cham-
ber or the build plane 4, can also be used. To determine
the x- and y-position of the carrying element 9, the de-
termination unit 14 comprises a detection element 15,
wherein according to the example depicted in Fig. 1, the
detection element 15 is built as optical detection element,
in particular as CCD or CMOS sensor. The determination
unit 14 further comprises a measurement structure 16
that is built as measurement pattern according to the em-
bodiment depicted in Fig. 1. The measurement structure
16 is attached to a bottom side of the carrying element
9, i.e. the side that is not carrying (in contact with) the
build material 3 or the powder bed, respectively. Thus,
the bottom side refers to the side that opposes the side
of the carrying element 9 that faces the build plane 4.
[0037] Via the detection of the position of the meas-
urement structure 16 relative to a reference position, for
example the position of the detection element 15, an x-
and y-position of the carrying element 9 can be deter-
mined. In particular, it is possible to detect deviations
from a nominal position of the carrying element 9, for
example caused by deviations in guiding elements that
guide the carrying element 9 relative to the build chamber
walls 10. Such deviations may cause the carrying ele-
ment 9 to deviate from a nominal position, for example
the center of the carrying element 9 deviates from a nom-
inal position. This can result in that dependent on the
current z-position of the carrying element 9 the carrying
element 9 deviates in the x- and/or y-direction. As the
carrying element 9 may be arranged in different x- and/or
y-positions with the carrying element 9 positioned in dif-
ferent z-positions, the irradiation pattern generated via
the irradiation device 7 is differently positioned relative
to the carrying element 9 for different z-positions of the
carrying element 9. This leads to deviations in the addi-
tively built object 2, as the selective irradiation of different
layers that are applied in different z-positions is per-
formed in different x- and y-positions, e.g. in different
positions in the x-y-plane relative to a reference position,
such as the center of the build plane 4.
[0038] Exemplarily, three layers 17 - 19 are indicated
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via a dashed line, wherein the layers 17 - 19 deviate from
a nominal position, e.g. the center of the build plane 4. If
the object 2 would additively be built without a compen-
sation of a deviation in x- and y-direction, the layers 17
- 19 would be misaligned or an offset would occur be-
tween the individual layers 17 - 19 (as indicated via the
dashed contours). Of course, the deviations depicted in
Fig. 1 are merely exemplary and exaggerated. Also, an
arbitrary number of layers could be used to build the ob-
ject 2.
[0039] The misalignment or the offset that is caused
due to the deviations of the carrying element 9 in x- and
y-direction are detected via the detection element 15 of
the determination unit 14, as described above. Thus, the
determined position data relating to the x- and y-position
of the carrying element 9 can be provided to the calibra-
tion unit 13. The calibration unit 13 is adapted to generate
calibration data, for example relating to a deviation of the
carrying element 9. The respective position data and cal-
ibration data are determined / generated for each position
of the carrying element in z-direction in which a layer of
build material 3 is irradiated via the irradiation device 7.
[0040] Accordingly, the irradiation device 7 can be con-
trolled based on the position data and/or the calibration
data to compensate the misalignment and the deviation
of the carrying element 9 from a nominal position, e.g. a
center of the build plane 4. Hence, it is possible to "live
monitor" occurring deviations in the position of the car-
rying element 9 and compensate the deviations via cor-
responding calibration data that are generated via the
calibration unit 13. Thus, the irradiation device 7 is adapt-
ed to generate the irradiation pattern in the correct nom-
inal position relative to the carrying element 9.
[0041] Fig. 2 shows a calibration unit 13 with a detec-
tion unit 15 that is adapted to determine position data of
an additively built calibration object 20, e.g. built with the
apparatus 1 using the carrying element 9. For the sake
of simplicity, the calibration object 20 merely comprises
three layers 21 - 23, wherein a dashed line 24 indicates
the three-dimensional data based on which the additive
manufacturing process of the calibration object 20 has
been performed on. In other words, an additive manu-
facturing process has been performed to additively build
the calibration object 20, e.g. with the apparatus 1 de-
picted in Fig. 1. As can be derived from Fig. 2, the cali-
bration object 20 deviates from the three-dimensional da-
ta as indicated via the dashed line 24. Preferably, the
calibration object 20 has been built using a defined, in
particular the entire, movement range of the carrying el-
ement 9.
[0042] For example, layer 21 deviates from the three-
dimensional data by a distance 25. Accordingly, the layer
22 deviates by distance 26 and the layer 23 deviates by
distance 27. The deviations of the layers 21 - 23 from the
three-dimensional data 24 based on which the additive
manufacturing process has been performed, occur due
to a misalignment and/or a deviation of the carrying ele-
ment 9 from a nominal position, for example due to de-

viations in a guiding structure of the carrying element 9.
The calibration unit 13 according to the exemplary em-
bodiment depicted in Fig. 2, allows for determining posi-
tion data from the additively built calibration object 20.
[0043] Thus, for the corresponding carrying element
9, position data can be determined that relate to the z-
positions in which the carrying element 9 was positioned,
when the respective layers 21, 22 and 23 where additively
manufactured. Thus, the determined position data and
the generated calibration data can be related to the cor-
responding z-position. For example, the position data re-
lating to the position of the carrying element 9 in x- and
y-direction can be determined for the layer 21, wherein
the position data are related to the z-position of the car-
rying element 9 in which z-position the carrying element
9 was positioned when the layer 21 was built. The position
data for the layers 22, 23 can be determined accordingly.
[0044] Thus, it is possible to use the determined posi-
tion data and the generated calibration data in an addi-
tively manufacturing process, for example using the ap-
paratus 1. Thereby, a deviation of the carrying element
9 in x- and/or y-direction for the z-position in which the
carrying element 9 is currently positioned, can be com-
pensated using the generated position data and/or a cal-
ibration data.
[0045] Thus, a calibration object 20 can be manufac-
tured for the corresponding powder module comprising
the carrying unit 8 with the carrying element 9 that is
intended to be used in an additive manufacturing process
in the apparatus 1, wherein the deviations of the single
layers 21, 22 and 23 of the calibration object 20 can be
detected and used to generate the calibration data. Thus,
occurring deviations in the x-direction and the y-direction
of the carrying element 9 can be related to the z-position
of the carrying element 9, wherein in the actual manu-
facturing process of the three-dimensional object 2, the
deviations of the carrying element 9 can be compensated
by accordingly positioning the irradiation pattern gener-
ated via the irradiation device 7 relative to the carrying
element 9.
[0046] To determine the position data corresponding
to the layers 21 - 23, the determination unit 14 is adapted
to determine the x- and y-position of each layer 21 - 23
relative to a reference point, for example a center 28 of
the respective layer as defined by the three-dimensional
data (indicated via line 24). Thus, the detection element
15 is adapted to determine a relative position of each
layer 21, 22 and 23 relative to the center 28 of the cali-
bration object 20 and therefore, detect whether the re-
spective layers 21 - 23 deviate from their nominal posi-
tions. To detect the position of the layers 21 - 23, the
detection unit 15 can, for example, be built as three-di-
mensional scanner or as laser interferometer.
[0047] Of course, the inventive method for determining
position data for an apparatus for additively manufactur-
ing of three-dimensional objects can be performed on
the inventive apparatus 1. Although, only a deviation in
the x- direction is depicted in the Fig. 1, 2, a deviation in
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the y-direction can also be determined and compensated
accordingly. Hence, the respective position data can be
determined and calibration data can be generated, as
described before.

Claims

1. Method for determining position data for an appara-
tus (1) for additively manufacturing three-dimension-
al objects (2) by means of successive layerwise se-
lective consolidation of layers (17 - 19, 21 - 23) of a
build material (3) arranged in a build plane (4) es-
sentially extending in x- and y-direction, which build
material (3) can be consolidated by means of an en-
ergy source, wherein the build material (3) is carried
by a carrying element (9) of a carrying unit (8), where-
in the carrying element (9) is essentially movable in
z-direction, wherein the z-direction is essentially per-
pendicular to the x- and y-direction, characterized
in that position data relating to an x- and/or y-position
of the carrying element (9) are determined for at least
one z-position.

2. Method according to claim 1, characterized in that
position data are determined for at least two z-posi-
tions, in particular for a plurality of z-position, pref-
erably distributed along a movement range, in par-
ticular an entire movement range, of the carrying el-
ement (9) in z-direction.

3. Method according to claim 1 or 2, characterized in
that calibration data are generated relating to a de-
viation of the carrying element (9) from a nominal
position in x- and/or y-direction for at least one z-
position.

4. Method according to one of the preceding claims,
characterized in that an irradiation device (7), in
particular the position of an irradiation pattern for the
corresponding layer relative to the carrying element
(9), is controlled dependent on the calibration data
and/or the position data.

5. Method according to one of the preceding claims,
characterized in that the position data and/or the
calibration data are stored for the corresponding z-
position, in particular for the corresponding carrying
element (9).

6. Method according to one of the preceding claims,
characterized in that the position data are deter-
mined in advance to and/or during an additive man-
ufacturing process.

7. Method according to one of the preceding claims,
characterized in that the x- and/or y-position of the
carrying element (9) is determined via an optical

and/or a mechanical determination, in particular via
the determination of a measurement structure (16)
arranged on the bottom of the carrying element (9).

8. Method according to one of the preceding claims,
characterized in that the position data relate to a
determined, in particular measured, x- and/or y-po-
sition and/or an absolute x- and/or y- position of the
carrying element (9) and/or a deviation thereof for at
least one z-position.

9. Method according to one of the preceding claims,
characterized in that the position data relate to a
distortion and/or an angular deviation of the carrying
element (9) about a main axis of the carrying element
(9), essentially arranged in z-direction.

10. Method according to one of the preceding claims,
characterized in that the following steps are per-
formed:

- a calibration object (20) is manufactured ex-
tending over a defined part of the movement
range, in particular the entire movement range,
of the carrying element (9)
- at least one geometrical parameter of the cal-
ibration object (20) is determined
- the at least one determined geometrical pa-
rameter is compared with at least one corre-
sponding nominal geometrical parameter
- position data and/or calibration data are gen-
erated based on the comparison result.

11. Method according to one of the preceding claims,
characterized in that the geometrical parameter is
or comprises a position in x- and/or y-direction of the
calibration object, in particular of a surface of the
calibration object (20), for the corresponding z-posi-
tion.

12. Method according to one of the preceding claims,
characterized in that the method is performed using
at least one build module for an apparatus (1) for
additively manufacturing three-dimensional objects
(2).

13. Method according to one of the preceding claims,
characterized in that the position data and/or the
calibration data are stored for multiple build modules,
wherein the irradiation device (7) of the apparatus
(1) in which a build module is used, is controlled de-
pendent on the corresponding position data and/or
calibration data.

14. Method for operating at least one apparatus (1) for
additively manufacturing three-dimensional objects
(2) by means of successive layerwise selective con-
solidation of layers (17 - 19, 21 - 23) of a build material
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(3) arranged in a build plane (4) essentially extending
in x- and y-direction, which build material (3) can be
consolidated by means of an energy source, wherein
the build material (3) is carried by a carrying element
(9) of a carrying unit (8), wherein the carrying element
(9) is essentially movable in z-direction, wherein the
z-direction is essentially perpendicular to the x- and
y-direction, characterized in that position data re-
lating to an x- and/or y- position of the carrying ele-
ment (9) are determined for at least one z-position.

15. Apparatus (1) for additively manufacturing three-di-
mensional objects (2) by means of successive lay-
erwise selective consolidation of layers (17 - 19, 21
- 23) of a build material (3) arranged in a build plane
(4) essentially extending in x- and y-direction, which
build material (3) can be consolidated by means of
an energy source, wherein the build material (3) is
carried by a carrying element (9) of a carrying unit
(8) of the apparatus (1), wherein the carrying element
(9) is essentially movable in z-direction, wherein the
z-direction is essentially perpendicular to the x- and
y-direction, comprising a calibration unit (13) adapt-
ed to determine position data relating to an x-and/or
y- position of the carrying element (9) for at least one
z-position.
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